Seven foals aged 18 days to 3% months had either single or multiple fullcircumference segments or long antimesenteric bands of necrotizing duodenitis, sharply delineated from adjacent viable duodenum. Perforation of the necrotic wall had occurred in all foals, leading to acute fibrinous peritonitis. On the mucosal surface severe, diffuse, acute inflammation and ulceration involved the anterior half of the duodenum. Two further foals, aged 28 and 30 days, had lesions that are believed to be a chronic form of this disease. Both foals had a thickened duodenal wall, with large areas of mucosa replaced by granulation tissue. In addition one had several strictures associated with firm adhesions between the duodenal serosa and adjacent structures, together with ascending cholangiohepatitis and pancreatitis. Eight foals had gastric ulcers that were considered to be of less significance than the duodenal lesions. No etiologic agent could be found by aerobic or anaerobic bacterial culturing, negative contrast electron microscopy for viruses, or immunofluorescence staining for equine herpesvirus 1, equine adenovirus, or equine coronavirus. The possible involvement of non-steroidal anti-inflammatory drugs is discussed.
Materials and Methods
At necropsy, gut specimens from foals 1, 2, 3, 5, 7, 8, and 9 were fixed in Bouin's fluid or 10% formalin and a variety of other tissues were fixed in 10% formalin. Tissues were embedded in parafin and stained with hematoxylin and eosin.
Aerobic bacterial culture was done on duodenal contents of foals 1, 3, 5, and 7, peritoneal fluid of foals 2 and 3, and liver, pancreas, and mesenteric lymph node of foal 3. Pooled bile and gut content specimens of foals 1, 3, 5 , and 7, bile and abdominal fluid of foal 2, and bile of foal 8 were cultured in enrichment medium (tetrathionate-brilliant green broth) for Sulmonella sp. Jejunal contents of foal 2 and duodenal contents of foal 5 were cultured anaerobically. In a search for viruses, duodenal scrapings of foal 3 and 5 and feces of foal 8 were examined by negative contrast electron microscopy. Smears of tissues from four foals were subjected to immunofluorescence staining for equine herpesvirus 1 and equine adenovirus. The specimens were liver of foals 3, 5 , 7, and 8, duodenum and ileum of foals 3 and 5 , and duodenum of foal 7 for equine herpesvirus 1; liver and duodenum of foals 3, 5 , 7, and 8 for equine adenovirus; and from one to three of the four foals, lung, spleen, jejunum and thymus for equine herpesvirus 1; and lung, spleen, jejunum, ileum and thymus for equine adenovirus. Immunofluorescence staining for equine coronavirus was done on duodenal smears of foals 3 and 8.
Results
In foals 1 through 7, the full-thickness of parts of the wall of the first 20 cm of the duodenum was necrotic, gray-green, and friable. Affected areas were delineated distinctly on the serosal surface by a thin red band from normal-colored pink duodenum and were single or multiple annular segments or long antimesenteric bands ( fig. 1 ). Within these areas each foal had one to three round or linear antimesenteric perforations. The necrotic duodenal wall was thin (1 mm) while immediately adjacent viable wall was thicker than normal (2-3 mm). Regardless of whether the deeper layers were necrotic or viable, the mucosal surface of much of the anterior half of the duodenum was green and rough with adhering fine shreds of tissue ( fig. 2 ). The diverticulum where the bile duct and main pancreatic duct enter sometimes was involved. A large blood clot was present in the distal duodenum of foal 3. Foal 2 had a 30 cm segment of mid-jejunum with red-black, swollen mucosa and blood in the lumen. Severe diffuse acute fibrinous peritonitis was present in all foals.
In foal 8, a 20 cm long segment of the duodenum between the posterior ascending part and the right half of the transverse part had a firm, up to 5 mm thick wall and a smaller than normal diameter. The mucosa of the anterior half of the duodenum was moderately rough and yellow-brown. There were three adhesions between the duodenal serosa and the greater omentum, and two between the right half of the transverse duodenum and the right dorsal colon. The adhesions were between 0.5 and 3.0 cm long and their fibrous core contributed to the 1 to 1.5 cm thickness of the duodenal wall in these areas ( fig. 3 ). In the region of the adhesions the lumen was approximately 1 cm in diameter. The anterior most adhesion was immediately posterior to the area from which the diverticulum, where the hepatic and pancreatic ducts open, had disappeared. There was abrupt narrowing of the duodenal lumen.
The bile duct was distended to 2 cm in diameter. Foal 9 had moderate enlargement of the pyloric sphincter, and most of the duodenal wall was thickened (0.6 to 1.0 cm). There was moderate petechiation of the mucosa and the duodenal diverticulum was ulcerated. No serosal adhesions were seen.
Gastric ulceration was present in foals 1 through 8. Foals 1, 2, 3, 5, 7, and 8 had moderately severe irregular loss of non-glandular mucosa. Multiple ulcers were present in the glandular mucosa in foals 4 and 6, and in foal 4 an ulcer had perforated. The stomachs of foals 6 and 8 had ruptured. Foals 5 and 8 had mild to moderately severe linear ulceration of the esophageal mucosa.
Histologically, foals 1 through 7 had severe diffuse acute necrotic and ulcerating duodenitis. A thin zone of acute inflammation was present with fibrin, moderate numbers of neutrophils, necrotic debris and many blood vessels containing thrombi ( fig. 4 ). This zone was generally near the base of the mucosa or in the upper submucosa, but where the full-thickness of the wall grossly appeared necrotic it was much deeper, so that only the serosal and outer longitudinal muscle layers remained intact ( fig. 5 ). The underlying tissue was edematous with a few blood vessels containing thrombi and many distended lymphatic vessels. Most of the overlying tissue had sloughed. A few clusters of organisms resembling Cfostridium sp were in the debris in foal 3. Occasional short lengths of mucosa were spared when the inflammatory zone was nearer the original lumen and in some there was severe hemorrhage into the lamina propria of the villi. In foal 1 there was an additional focal chronic ulceration, with a fragmented simple cuboidal epithelium covering the tissue immediately above the muscularis mucosae. Severe villous atrophy was present in the adjacent duodenal mucosa. Except for thrombosis of mesenteric veins in foal 2, no abnormalities of the mesenteric blood vessels were seen.
In foals 8 and 9, with thickened duodenal walls, large areas of mucosa and upper submucosa were replaced by granulation tissue ( fig. 6 ). At the areas of serosal adhesion in foal 8, wide fibrovascular bands with numerous radially oriented small blood vessels penetrated the muscular layer and merged with the submucosal granulation tissue. In parts of the duodenum where mucosa was present there was either moderate villous atrophy with infiltration of lymphocytes and plasma cells or severe villous atrophy with fibrosis of the lamina propria and lack of differentiation of the villous epithelium.
Additional histological lesions were mild to moderately severe lymphoid necrosis in the Peyer's patches, lymphoid nodules of the large intestine, mesenteric lymph nodes and spleen in all foals examined (1, 2, 3, 5 , 7, and 8). Foals 1, 3, and 8 had a mild segmental infestation of the jejunum by Eirneriu leuckurti and foals 1, 2, 3, and 8 had mild lesions in the large intestine, consisting of submucosal edema and mild hypercellularity of the mucosa, including small numbers of neutrophils migrating through the epithelium. Foal 8, with a duodenal serosal adhesion near the bile duct, had moderately severe, acute, diffuse cholangiolitis and perilobular hepatitis and moderately severe, diffuse, subacute pancreatitis, with acute erosive, fibrinous inflammation of the large ducts.
Aerobic culturing resulted in mild to heavy growth of Escherichia coli (often in mixed culture) from intestine of foals 1 and 7, peritoneal fluid of foal 2 and the range of tissues from foal 3 , and Enterobucter sp and Proteus sp from the duodenum of foal 5. Sulmonellu sp was not recovered from the sites cultured in foals 1, 2, 3 , 5, 7, and 8. A very light growth of Clostridium perfringens was recovered from the jejunum of foal 2. Rotaviral particles were observed in the feces of foal 8. No virus was seen in the duodenal scrapings of foals 3 and 5. Equine herpesvirus 1, equine adenovirus and equine coronavirus could not be identified by immunofluorescent staining in foals 3, 5 , 7, or 8.
Discussion
The seven acute cases of necrotizing duodenitis with diffuse fibrinous peritonitis and the two cases of granulating duodenitis are most likely part of the same syndrome, the chronic cases being foals which survived a probably milder acute disease. This idea is supported by the finding of a localized, chronic duodenitis in one foal which succumbed because of severe acute lesions. A search of our records reveals no cases prior to 1981. The reported cases occurred in the foaling seasons of 198 1 and 1982. The reason for this disease suddenly arising in a population in which it has not been seen previously is unknown. There were verbal reports of several other acutely affected foals on farm A, but the foals were not presented to us. A number of chronically affected foals, however, have been seen here and treated by gastroduodenostomy or duodenojejunostomy. Duodenal lesions similar to those in our chronic cases are mentioned in two foals in which the main lesion was considered to be gastric ulceration [ 5 ] . Three cases of duodenal stricture are reported that are different from our one case in having no duodenal serosal adhesions [3] . Another such case was considered to be a congenital abnormality Eight of the nine foals had gastric ulceration, six in the squamous mucosa and two in the glandular mucosa. The gastric lesions were considered to be of much lesser significance than the duodenal ones. Mild to moderately severe multifocal ulceration of the squamous mucosa of the stomach is seen fairly frequently by us and is regarded as an almost incidental finding. Gastric ulceration was common in 600 autopsied foals [6] . The cause of the described acute and chronic duodenitis is not known. The clustering of three cases on farm A in one year makes an infectious cause likely. E. coli is unattractive as a possible etiologic agent in view of its ubiquitous nature and its recovery from these foals in various numbers and mixed growths. Organisms resembling Clostridium sp were seen in appreciable numbers on the duodenal [91.
luminal surface of only one animal. A light growth of Cl. perfringens was recovered from the jejunum of one foal from which specimens were cultured anaerobically.
These findings, and the fact that Cl. perfringens can be recovered from the feces of healthy horses [ 101 would not lead one to strongly suspect clostridial organisms as the cause, but they should not be discounted entirely. There is similarity between the microscopic lesions in the foals and the microscopic lesions of lamb dysentery [2] caused by Cf. perfringens type B. Very limited areas of the intestine in our foals had severe hemorrhage as described in the intestine of two foals with Cl. perfringens type C enterotoxemia [ 11. Both these clostridial diseases, however, have widespread, grossly visible lesions in the gut, making them very different from the foal disease with quite localized duodenal lesions. Antibiotic treatment of several foals probably influenced the bacteriological findings. The search for an etiological virus has been somewhat fragmentary. The presence of a rotavirus in the feces of foal 8 is probably of no significance as the lesions in this foal were longstanding. E. lcuckarti, present in the jejunum of four foals, is regarded to be non-pathogenic Stress could be a factor acting on the hypophyseal adrenal axis and causing altered splanchnic blood flow and increased gastric acid and pepsin production, causing focal ischemia and mucosal injury. Stress was present in the recent histories of four foals in the form of limb trauma (foals 1 and 6), transportation (foal 2), and treatment for a corneal ulcer (foal 3 ) . During the few days prior to death, foals 1, 5 , and 6 were treated with phenylbutazone and foals 1, 2, 4, 5, 7, 8, and 9 were given flunixin. Treatment with phenylbutazone and other non-steroidal antiinflammatory drugs is a well-known cause of gastric and small intestinal ulcers in rats [7] and should be considered as either a major, or contributing, factor in this disease. Young foals may be overly sensitive to the side effects of these drugs and unless doses are calculated carefully the possibility of overdosing is present. The possibility that stress may be a synergistic factor also should be considered here. Nevertheless, we must assume that over the past few years there have been many foals which were treated with non-steroidal anti-inflammatory drugs, particularly phenylbutazone, which escaped this fulminating disease. If such drugs were the sole cause of ulcerative duodenitis, it should not be such a new disease.
The hepatic and pancreatic lesions in foal 8 with chronic duodenal lesions almost certainly were due to a pathogen or to normal gut flora being able to ascend the ducts when stricture impeded the flow of ingesta and when inflammation involved the duct openings. Little is known about the cause of cholangiohepatitis in adult horses and even less is known about the incidence or cause of pancreatitis. Perhaps affected adults are survivors of ulcerative duodenitis.
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